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SYSTEM AND METHOD FOR REPRESENTATION OF 
AIRCRAFT ALTITUDE USING SPATIAL SIZE 



BACKGROUND OF THE INVENTION 

10 

Field of the Invention 

The present invention relates to display systems. More specifically, the present 
15 invention relates to systems and methods for displaying three-dimensional information on a 
two-dimensional display. 

Description of the Related Art 

20 In air traffic control, it is critically important to maintain vertical and horizontal 

separation between aircraft. To assist in this endeavor, aircraft location and heading is 
displayed to an air traffic controller. The air traffic controller continuously monitors the air 
space and searches for potential conflicts; that is, simultaneous occupation of a volume of 
airspace (e.g., two aircraft that have less than 3 miles of horizontal separation or less than 

25 300 feet of vertical separation). 

Presently, air traffic controllers typically use plan view displays, which represent 
the position of each aircraft with an icon plotted in two-dimensional space (i.e., latitude 
and longitude). The altitude of each aircraft is displayed as a number in a data block 
30 associated with the aircraft icon. In order to detect potential conflicts in vertical separation, 
the human observer is required to find the numbers associated with an aircraft icon, read 
the numerical altitude, then numerically compute pairwise aircraft separations. This is 
cognitively demanding. 
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Alternatively, air traffic controllers use elevational displays of aircraft altitude. 
These displays use the y-axis in a two-dimensional display to directly represent aircraft 
vertical height. Elevational displays, however, do not convey aircraft position (latitude and 
longitude) and are therefore seldom used. 

Computer conflict detection algorithms are available which endeavor to 
automatically detect and predict air traffic conflicts. These algorithms, however, fall short 
of providing a level of performance and accuracy sufficient to eliminate the need for an air 
traffic controller. The problem is computationally intense and the most sophisticated 
algorithms are currently unable to solve the problem within the time constraints of the 
application. 

Further, in view of the risks, air traffic control will involve a human controller for 
the foreseeable future notwithstanding the availability of an adequate automated system. 

Hence, a need remains in the art for an improved system or method for facilitating 
vertical separation of aircraft in a controlled environment. 



SUMMARY OF THE INVENTION 



The need in the art is addressed by the present invention, which provides a 
system for conveying location of an object by varying a characteristic such as size, shape, 
color, or intensity of an icon located in a two dimensional display. In the illustrative 
embodiment, the invention represents aircraft altitude by the size of an icon. Each 
aircraft position and heading is plotted as location and orientation of the icon in two- 
dimensional space, the axes of which represent latitude and longitude. The size of the 
icon is selected from a limited number of discriminably different sizes to represent the 
aircraft altitude. Each size represents a distinct altitude range. 
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Visualizing aircraft altitude using the spatial size of icons is a more effective means 
of identifying altitude ranges and detecting potential collisions. This takes advantage of 
human perceptual ability to discriminate size among many objects in a visual scene and 
perform rapid analog comparisons, as opposed to reading digital numbers and making 
several numerical comparisons. Conflicts can thus be anticipated with far less cognitive 
demand. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a system for conveying aircraft altitude of conventional 
design and construction. 

Fig. 2 is a simulated plan view display of conventional design and construction. 

Fig. 3 is a block diagram of a system for conveying aircraft altitude in accordance 
with the teachings of the present invention. 

Fig. 4 is a simulated plan view display in accordance with the teachings of the 
present invention. 

Fig. 5 is a flow diagram of an algorithm for representing aircraft altitude by icon 
size in accordance with the teachings of the present invention. 

DESCRIPTION OF THE INVENTION 

Illustrative embodiments and exemplary applications will now be described with 
reference to the accompanying drawings to disclose the advantageous teachings of the 
present invention. 
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While the present invention is described herein with reference to illustrative 
embodiments for particular applications, it should be understood that the invention is not 
limited thereto. Those having ordinary skill in the art and access to the teachings provided 
herein will recognize additional modifications, applications, and embodiments within the 
scope thereof and additional fields in which the present invention would be of significant 
utility. 

Fig. 1 is a block diagram of an air traffic control system 100 of conventional design 
and construction. Aircraft 10 with an on-board altimeter and transmitter sends altitude 
information to a receiver 20 at the air traffic control center. Alternatively, altitude 
information may be obtained from a radar 30, which is processed by a signal processor 80. 
The altitude information is sent to a system controller 40, which includes a microprocessor 
50 and memory 60. Software residing in the system memory 60 and executed by the 
microprocessor 50 evaluates the altitude information and conveys it to a human observer 
via a display 70. 

Presently, air traffic controllers typically use plan view displays, which represent 
the position of each aircraft with an icon plotted in two-dimensional space (i.e. latitude and 
longitude). See Fig. 2 below. 

Fig. 2 is a simulated plan view of a conventional air traffic control display 200. 
Each aircraft position and heading is plotted as location and orientation of an icon 208, 
210, 212, etc., in a two dimensional space, the axes of which represent latitude and 
longitude. The altitude of each aircraft is displayed as a number in a data block 202, 204, 
206, etc. with the associated aircraft icon 208, 210, 212, etc., respectively. The number 
indicates hundreds of feet above sea level. In order to detect potential conflicts in vertical 
separation, the air traffic controller is required to find the numbers associated with an 
aircraft icon, read the numerical altitude, then numerically compute pairwise aircraft 
separations. This is cognitively demanding. For example, aircraft icons 210 and 212 
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represent a conflict. Detecting this conflict among the combinations of many other aircraft 
icons, which do not represent conflicts, is cognitively demanding. 

The present invention improves upon the conventional plan view display by 
representing each aircraft with an icon having a size that is proportional to the altitude of 
the aircraft. As with traditional plan view displays, each aircraft position and heading is 
plotted as the location and orientation of the icon in two-dimensional space, the axes of 
which represent latitude and longitude. In the preferred embodiment, the size of the icon is 
selected from a limited number of discriminably different sizes to represent the aircraft 
altitude. Each size represents a distinct altitude range. Numerical representations of 
altitude can be added for verification and more precise awareness of altitude. 

Those skilled in the art will appreciate that a continuously variable relationship 
between icon size and altitude could be employed without departing from the scope of the 
present teachings. In this particular embodiment, discrete sizes were chosen because of 
the nature of the application. Presently, aircraft altitudes are assigned in discrete levels. 
Mapping the discrete altitude ranges to discrete icon sizes is a natural solution. For other 
applications, it may be more useful to have a continuously adjustable icon size. 

Fig. 3 is a block diagram of an air traffic control system 300 designed in 
accordance with the teachings of the present invention. Aircraft 10 with an on-board 
altimeter and transmitter sends altitude information to a receiver 20 at the air traffic control 
center. Alternatively, altitude information may be obtained from a radar 30, which is 
processed by a signal processor 80. The altitude information is sent to a system controller 
40, which includes a microprocessor 50 and memory 60, where the altitude information is 
converted to an icon size by an icon size configuration unit 90. In the preferred 
embodiment, the icon size configuration unit is implemented in software residing in the 
system memory 60 and executed by the microprocessor 50. An icon of the appropriate size 
is then displayed on a display 70. 
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The icon size can be determined by a look-up table or by a mathematical formula. 
For this particular embodiment, the following table was used to determine icon size: 



Aircraft Altitude (ft.) 


Icon Length 
(mm) 


under 17,500 


5 


17,500 - 22,500 


7 


22,500-27,500 


9 


27,500-32,500 


11 


over 32,500 


14 



Five discrete icon sizes of length 5, 7, 9, 11, and 14 mm were used to represent five 
distinct altitude ranges, centered at 15-, 20-, 25-, 30-, and 35,000 ft., respectively. The 
smallest icon size represented the lowest altitude range while the largest icon size 
represented the highest altitude range. Those skilled in the art will appreciate that an 
inversely correlated relationship between icon size and altitude such that the smallest 
icon size represents the highest altitude range while the largest icon size represents the 
lowest altitude range could be employed without departing from the scope of the present 
teachings. Further, the number of icon sizes is not limited to five. Any number of icon 
sizes can be used, as long as they are discriminable by a human observer. 
Discriminability can be determined by psychophysical experiments. 

Fig. 4 is a simulated plan view of a display 400 implemented in accordance with 
the teachings of the present invention. Each aircraft position and heading is plotted as the 
location and orientation of an icon 402, 404, 406, etc. in two-dimensional space, the axes 
of which represent latitude and longitude. In the illustrative embodiment, five icon sizes 
408, 412, 402, 404, and 406 depict five approximate altitude ranges (15-, 20-, 25-, 30-, and 
35,000 ft., respectively). The altitude of each aircraft is also displayed as a number in a 
data block 414, 416, 418, etc. with the associated aircraft icon 402, 404, 406, etc., 
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respectively. Two of the aircraft 408 and 410 shown in this simulated plan view display 
are seen to be in conflict (at 15,000 ft.). Altitudes represented numerically in data blocks 
are not necessary for the correct use of this invention. Aircraft 408 and 410 can be 
determined to be in conflict without any numerical altitudes in the display. 

Fig. 5 is a flow diagram of a method for representing aircraft altitude by icon size 
in accordance with the teachings of the present invention. At step 510, aircraft latitude x, 
longitude y, and altitude z are obtained from radar or transmission by the aircraft. At step 
520, an icon size h is chosen which corresponds with the aircraft altitude z. The icon size 
can be determined by a look-up table or by a mathematical formula. At step 530, an icon 
of size h is plotted on a two dimensional display at coordinates (x,y). 

Visualizing aircraft altitude using the spatial size of icons is a more effective 
means of identifying altitude ranges and detecting potential collisions. This takes 
advantage of human perceptual ability to discriminate size among many objects in a visual 
scene and perform rapid analog comparisons, as opposed to reading digital numbers and 
making several numerical comparisons. The number of numerical computations is greatly 
reduced. Candidates for numerical comparison can be determined based on image size, 
thus obviating or greatly reducing the number of pairwise comparisons necessary to 
accurately assess the air traffic situation. Conflicts can thus be anticipated with far less 
cognitive demand. Candidates for numerical comparison can be determined based on 
image size comparisons alone. However, numerical comparisons can be possible if 
numerical altitudes are available in the display. 

The present invention is not limited to representation by the size of an icon. Any 
variable characteristic of the icon such as size, shape, color, or intensity can be used. 
Using size as a cue is an intuitive analog representation of altitude. Objects that are further 
away naturally seem smaller, while closer objects are larger. Similarly, objects that are 
further away seem lighter, while closer objects are darker. Thus, the intensity (or grayscale 
level) of the icon might also be a good characteristic for representing altitude. Moreover, 
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differences and similarities in grayscale, color, or shape are encoded efficiently and in 
parallel in the human visual system. 

While the present invention has been described with reference to an air traffic 
5 control application for conveying altitude information about aircraft, it should be 

understood that the invention is not limited to this application. This invention could be 
used to convey location information about any object, such as depth of a submarine in the 
ocean, or distance to a target. 

10 Li addition, the axes of the two dimensional display are not limited to representing 

latitude and longitude, and the size of the icon is not limited to representing altitude. For 
example, the axes of the display could represent height and width, while the size of the 
icon represents the distance of a target to the observer. 

15 Thus, the present invention has been described herein with reference to a particular 

embodiment for a particular application. Those having ordinary skill in the art and access 
to the present teachings will recognize additional modifications, applications and 
embodiments within the scope thereof. 

20 It is therefore intended by the appended claims to cover any and all such 

applications, modifications and embodiments within the scope of the present invention. 

Accordingly, 



25 



WHAT IS CLAIMED IS: 



